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ON PHILADELPHITE (Sp. Nov.). 

BY HENRY CARVILL LEWIS. 

The mineral to wlhich the above title has been applied was found 
by the writer four years ago, in what was then a quarry of horn- 
blendic gineiss, close to the boundary of the Twenty-second Ward, 
Philadelphia. The locality is on Germantown Avenue, at the 
bMdge crossing of the Germantown and Norristown Railroad, 
near Wayne Station. The quarry is now walled up, and is used 
as a coal and lime yvard. 

Geologically, the locality is just at the base of the terrace of 
metamorphic rocks which bouncds the drift formations undlerlying 
the greater part of the city. Quaternary clays, boulders of the 
Champlain period, ancl tertiary gravels appear within a hliuldredl 
feet of the quarry, and the waters of those different epochs have 
successively eroded the hill rising above it. This hill, here called 
Negley's or Logan's Hill, about 225 feet in height, is part of the 
same hill or '" Upland Terrace," which, trending nearly niortheast 
and southwest, has been traced continuously from here into Mary- 
land, on the one side, and across New Jersey on the other, and 
which, though composed of quite different rocks in different places, 
forms throughout, the bouindary of the post-juirassic formations.' 

The rock at this place is a hard black hornblendic gneiss, subject 
to decomposition in its upper portions. It is well exposed in the 
cut on Wayne Street, where numerous minerals occur, and it is 
the same which is quarried at Frankford and at McKinney's 
quarry, both noted mineral localities. In its altered state it 
crumbles easily, and wheni heated exfoliates. In this conidition, 
after being crushed in a mill between heavy iron rollers, it is 
sometimes used as a building sand. 

The mineral here described as Philadelphite belongs to the ver- 
miculite group of hydrous silicates. It occurs both disseminated 
in scales throughout the gangue-rock, and also in seams, an iinch or 
more in thickness and many feet long. Associated with it in the 
same quarry are crystals of sphene, epiclote and hornbleiide, and 
specks of chalcopyrite. It has been found in small quantities also 
at Wayne Street, at McKinney's quarry, and in Germantownl. 

IV. Proc. Min. and Geolog. Section Acad. Nat. Sci., Phila., Nov., 1878. 
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Since most of the vermictulites occur in serpelntinous or chloritic 
formations, it is to be noted that no such rocks oecur here or in 
the vicinity. The minieral is probably derived originally from 
horiiblende. 

Physical Characters.-Hardness, 1.3; Specific gravity, 2.80 
(taken in alcolhol and referred to water). L4ustre pearly. Color, 
1)y reflected light, bronze; by transmitted light, brownish red, and 
in very thin lamina, brownish yellow. Opaque, except in thin 
pieces. Streak brownish yellow. Laminfe unielastic, readily 
flexible, tough, not brittie. Feel greasy. 

Crystallographic Characters.-Monoclinic. Cleavage; basal, emi- 
nent; also, occasionially, a cleavage parallel to the diagonals. 
Striations crossing at about 903, causing the miniieral to break 
into nearly rectangular fragments, are sometimes observed, and 
tllese are parallel to the plane of the optic axes anid to the (liagonals 
of the rhomb. No triangular striations as in Jefferisite. Plates 
often contorted ancd wrinkled. Twin crystals frequent, observable 
b)y polarized light. Optically biaxial. Double refraction strong, 
negative. Optic-axial angle, 31 020!-39030'; generallv 370?_. 

Crystals sometimes nearly 2 inches wide and I inch higlh. The 
hyperbolas are well defined in the polariscope, and the angle of 
their divergence is more constant than in some of the other ver- 
miculites. Twinining produces variations in the angle.1 

Pyrognostic Characters.-In the closed tube it gives off water and 
exfoliates with great force, in a direction perpendicular to its base, 
to ten times its original volume. Upon exfoliation it becomes of a 
bright copper color and takes a metallic lustre. It also becomes 
brittle and more opaque. The exfoliated mineral has a far more 
distinct and frequent secondary vertical cleavage than it has before 
exfoliation, and the basal cleavage is also easier. It shows strong 
(double refraction in the polariscope, and has an optical divergence 
of about the same amount as that of the unignited mineral (300 to 
370). The hyperbolas are extremely ill-defined, and no exact 
measurements could be taken. It is yellow by transmitted light. 
It forms a fine object unider the microscope by reflected light. 
The fine copper color gained on exfoliation is characteristic, dis- 
tinguishing it from the other vermiculites. The color is obtained 
whether it is heated sudldenly in the flame, or slowly in an air-batlh 
to exfoliation. Uspon long-continuedl ignition in a platinumi cru- 

I V. Prof. Cooke's Paper on tlle Vermiculites, Proc. Amer. Acad., 
Boston, 1874, 85. 
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cible, heated without access of air, it becomes a steel-gray color, its 
iron having been reduced. Before the blowpipe it gives the violet 
flame of potash and fuses to a black magnetic globule, which does 
not intumesce when further heated. 

With the fluxes it reacts for silica and iron. It is readily dis- 
solved by lhot sulphuric acid, the pure white silica being left in the 
original shape of the mica. It is dissolved in hydrochloric acid 
upon long digestion. 

Chemical Composition.-In the investigation of the -chemical 
composition of Philadelphite the writer has had the valuable 
advice of his friend, Prof. F. A. Genth, of the University of 
Pennsylvania. The metlhod used in. the estimation of vanadium 
is entirely due to him. The writer is also indebted to his friend, 
Mr. Reuben Haines, of Germantown, for two analyses, and for 
some interesting experiments. 

Of the four analyses given below, Numbers I and II are by Mr. 
Haines; Nos. III and IV by the writer. Nos. I and II were 
miiade upon the pulverized mineral, previously dried in an air-bath 
at 1000 C.; the hygroscopic water, amounting to over 3 p. c., not 
being included in the determinations. "In both the analyses the 
sample was dissolved in concentrated HCI, and the SiO2 purified 
bv digestion with IIC1. The Fe and Al were precipitated together 
by NH4HO and the Fe titrated by permanganate. The ferrous 
oxide was found iby dissolving the weighed mineral in sulphuric 
acid in a closed flask from whiclh the air was expelled by boilin(g 
with sodic carbon0te, and titrating as before. The inagnesia was 
weighed as pyrophosphate and the alkalies were separated by 
Smith's method of fusion, and were determined by platinic chloride, 
controlling the result by ignition of the platinic salt in hydrogen 
and weighing as metallic platinum. The combined H 0 is an 
average of the results of experiments Nos. IV and VI (given 
below) taken at a red heat on bottom of crucible." 

Analyses Nos. III and IV were made upon the ignited nmineral, 
this being considerecl its most constant state. The atomic water 
was determined separately, and the analysis of the anhydrotus 
mineral reduced when the percentage of water was adcled. The 
ignited mineral being with difficulty soluble in acid, it was decom- 
posed by fusion with sodic carbonate for analysis. After repeated 
evaporation of the silica with HCI, it was fouind still to conta'in 
titanic acid, which was extracted by evaporation witlh conicenl- 
trated H12SO4 and precil)itated by dilution and boiling. Addi- 
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tional titaniic acidl was separated upon boiling the filtrate froml SiO2, 
after reduiction with H2S. In one analysis titanic acid was sepa- 
rated from SiO2 by volatilizing the latter with IIF, dissolving the 
residue in H2SO4, diluting and boiling. Ferrouis oxicle was deter- 
mined in the air-dried mineral as in analyses J an(d 1. Ironi and 
alumina were estimated by precipitation by boilinig with sodic 
acetate in a neutral soluition, dissolving in 1101, reprecipitating 
with N114110, igniting and weighing together. In the filtrate 
MnO was precipitated by bromine and ignited. 

The following method was employed for the detection of vana- 
dium. 80 grammes of impure mineral weremixed with 90 grammes 
of sodic carbonate and 100 grammes of sulphur. and the whole 
heated slowly in a Hessian crucible covered by clharcoal uintil 
partially fused. It was then digested in warm water, filtered, and 
to the filtrate dilute 11C1 was added, precipitating a copious 
heavy floccuilent browin mass of the sulpliides of vaniadium, copper, 
cobalt and nickel. The precipitate was washed, ignited and evap 

orated with nitric acid, when it gave a red residuie. This was fused 
with a mixture of sodic carbonate and sodic nitrate, andl extracted 
with water in order to separate the oxides of copper, cobalt and 
nickel. Solid ammonic chloride was now adlded to the aquieouis 
solution, wlhen vanadate of ammonia was precipitatedl. U7'pon 
igrnition it was clhanged to vanadic oxide, and was founld( to be 

pure, giving all the characteristic reactions. 
For the estimation of vanadiuim the following meitlodl was em- 

ployed. 41 grammes of the pulverized ignited mica were fuised 
with a mixture of 3 parts NaCO3 and( 1 I)art NaNO3, the mass ex- 
tracted with 1120, filtered, and the filtrate digested with 12S. 

Traces of CuS and FeS were filtered off, and the silica eliminated 
by evaporation to (dryniess and additioni of dlilute H2SO4. H1S was 
again added, giving a blue soltution. After drivinig off the I1LS by 
lieat, the vanadic acicl presenit was estiniate(d volunintrically b- the 
addition of a measured portion of a standard soltutioni of pe- 
maingainate of potash. 

Ma(rnesia was determined as pyrophospliate. ancd the alkalies bv 
meaiis of Smith's method. Phosphoric acid was preeipitatc(l as 

phosphomolybdiate of ammoniia, anid weighed as pyrophosphate ot 
m,agnesia. 

Oii accouniit of the remarklable liygroscopic powers of Philaldel- 

plAite, great difflculty was experienced in the estimation of the com- 

biiied water. Nearly one-half of the water in the air-dried mineral 
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is hyg,roscopic, and may be driven off either by lonog exposure over 
sulphuric acid in a desiccator, or by dryinig in an air-bath at 1000 
C. The percentage of water given in the analyses represents 
approximately the amount of water in the mineral after such 
desiccation. 

Spec grav. (taken in alcohol of 95 p. c.) 2.78-2.96. 

I. II. Mean. Quantivalent ratio. 
SiO2 39.06 38.52 38.79 2.587 2.587 5.45 
A1203 14.75 14.82 14.78 .861 ) 1.622 34 
Fe20P 20.59 20.01 20.30 .761 6 3.42 
Fe2O 2.04 2.04 2.04 .056 1 
MnO trace trace 
MgO 11.49 11.32 11.40 .570 
CaO .99 1.08 1.03 .037 8 
Na2O .90 .64 .77 .025 .831 1.75 
Li20 trace trace .... .... 
K20 6.89 6.61 6.75 .143 
F trace trace .... .... J 
H20 4.27 4.27 4.27 .474 .474 1., 

100.98 99.31 100.13 
Hygroscopic water in I, 3 12; in II, 3.43. 
Spec. grav. (taken in alcohol of 84 p. c on the air-dried mineral) 

2.80. 
III. IV. Mean. Quantivalent ratio. 

SiO2 35.94 35.52 35.73 2.38 2.43 5.05 5 
TiO 

2 
1.30 .77 1.03 .05 2.3 50 5 

A1203 15.23 16.32 15.77 .91 ) 
Fe203 19.48 19.43 19.46 .73 - 1.65 3.43 3 
V203 .37 .36 .37 .01 
FeO 2.09 2.28 2.18 .06 1 
MnO .46 .55 .50 .01 
_NiO trace .06 .06 CoOO 
CuO trace .08 .08 
MgO 11.41 11.72 11.56 .58 
CaO 1.38 1.54 1.46 .05 > .87 1.80 2 
Na2O 1.42 .38 .90 .03 
Li2 0 trace trace 
K20 6.52 7.11 6.81 .14 
P05 trace .11 .11 
Cl trace trace .. 
H2S04 trace trace .. .. 

H2O 4.34 4.34 4.34 .48 .48 1. 1 

99.94 100.63 100.45 

Hygroscopic water in III and IV, 3.24. 
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From both these pair of analyses we have the ratio 

R: R:Si:H= 2:3:5:1andRR:Si:H 1:1: . The ratio 
of bases to silica is 1:1, and for sesquioxides to protoxid'es, 

R =2: 1. 
Philadelphite dried at 100?C. appears to be a unisilicate, the 

water not beingf basic. 
The formula may perhaps be written 

II 01 ?4 11 [{ (K27,) + a 3 (4, Xe )]2 + 2 a(q 

The general symbol would be, 
It VI 

R4,1R2 020. Si3. 2 H20 

The water will be regarded as water of crvstallization. Prof. 
Cooke has shown the close chemical relation between the anhydrous 
vermiculites and biotite. A like result is brought out by the fol- 
lowing analysis of ignited Philadelphite. The analysis is a mean 
of the two analvses of the anhydrous mineral which formed 
analyses Nos. III and IV of the mineral dried at 1000 C. 

V. 2 Quant. ratio. 
SiO2 37.35 2.49 2.54 2 82 3 
TiO2 1.08 .05 
A1203 16.49 .96 
Fe2O3 20.33 .76 . 1.73 1.92 2 
V203 .38 .01) 
FeO 2.28 .06 
MnO .52 .01 
MgO 12.09 .60 .90 1.- 1 
caO 1.53 .05. 
Na2O .94 .03) 
K20 7.13 .15 

100.12 

Here R: R : Si =1: 2: 3, the ratio of a typical biotite. Anal- 
gous as the anhydrous mineral is to biotite in its formula, it has 
been shown that physically and optically the two minerals are 
quite dissimilar, and it is not proven that they have any necessary 
connection. It is by no means a hydrous biotite in the sense that 
margarodite is a hydrous muscovite, in which case the characters, 
optical and physical, are identical. Suich hydrous biotites occur 
in several places in the vicinity of Philadelphia, in a partially 
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altered micaceous gneiss, in which the muscovite has become 
margarodite, and the orthoclase become white and crumbling. 
Such mica exfoliates slightly when heated, is uniaxial, fiusible 
with difficulty, and might be called Hydrobiotite for convenience. 
It frequently occurs enclosed in crystals of margarodite, or in 
muscovite passing into margarodite. 

Hygroscopic Properties.-In the determination of water in its 
liffexent states in Philadelphite, the principal difficulty was on 

account of the strong hygroscopic properties possessed by the 
mineral. After the water has been expelled bv heat or desiccation, 
it is rapidly absorbed again from the air, if exposed. Upon the 
balance, the dried mineral gains so rapidly that it was found 
necessary while weighing to enclose it in corked tubes. It appears 
to absorb water with the avidity of chloride of calcium. Even 
when enclosed in watch-glasses clasped together and standing in 
the closed balance-case with dry CaCl2, it gains decidedly in weight. 
The following experiments by Mr. Haines illustrate its hygro- 
scopic properties. 

Grammes. 

(1) Weight of undried mica, .9935 
Heated at 1000 C. for 1- hours, .9616 
Weight after standing in balance-case with CaCl2 

for 3 days, .9915 
Reheated for 3 hours at 1000 C., .9580 
Left on balance 20 minutes. Gaini in weight, .0070 
Left on balance 2 hours. Total gain in weight, .0085 

(2) Weight of undried mica, 1.1280 
Heated at 1000 C. for 3 houirs, 1.0965 
Left in balanice-case with CaCl2 for 1 hour, 1.1175 
Left in balance-case with CaCl2 for 1-1 hours, 1.1230 
Left in balance-case with CaCl2 for 21 hours, 1.1250 
Left in balance-case with CaCl2 for 2 days, 1.1260 

(3) Undried mica heated at 1000 C. for 61 hours. 
Loss, 2.49 p. c. 

On standing in balance-case with CaCl2 for 2 
days, regained nearly the whole of its original 
weight (all but 2 milligrammes). Again 
heated at 1000 for 3 hours, loss of weight, 3.09 p. c. 

These experiments, showing that nearly the total amount of 
hlygroscopic water is regainedl even in the presence of sueh an 
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active desiccator as chloride of calciuim, inidicate a remalkable 
hygroscopic force in the dried substance; a property not easy to 
explain. It will be noticed that this force is exercised much more 
lpowerfully immediately after desiccation than it is after a lapse of 
time. Experiment No. (2) shows that two-tlhirds of the water is 
absorbed during the first hour. It has beeni founid that the amount 
of water in the powdered mineral varies with the hygrometric state 
of the atmosphere at the. time of weighing. It is interesting to 
note that several of the zeolites, a class of hydrouis silicates whose 
exfoliation by heat is very like that of the vei-miculites, also lhave 
strong hygroscopic powers, losing and regaining part of their 
water with ease.' 

Water of Crystallization.-The water in Philad'elphite probably 
exists in three theoretical conditions, viz.:-Hygroseopic water, 
water of crystallization and water of constitution. The first is 
driven off by drying at 1000 C. or by exlposure to dry air over 
H2SO,; the second by gentle ignition, and is accompanied by ex- 
foliation; the thir d by strong and prololnged ignition. The latter, 
wXhichl probably does not much exceed 1 per cent., and whichi 
the analyses have shown is not needed with the basic radicals to 
complete the uinisilicate formula, will be regarded with the water 
of crystallization. The most satisfactory determinations of the 
water of crystallization have been made by subtractinig the hygro- 
scopic water from the total water. 

The following experiments lhave been made upon thie amouint 
and condition of the water. 

(1). The dlry mica, wlicih had been out of the quiarry for more 
than a year, was cutt into pieces about 5 mm. square, heated in a 
platinum crucible to a bright red heat for 25 minutes, cooled in a 
desiccator over H2SO for lhalf an hour, anl then quickly weighed. 
It lost 7.58 per cenit., which will be regarded as the total amounlt 
of water. 

(2). The finely powdered mica holds more water. Different 
experiments gave:-7.84 (ignited 10 minutes), 7.89, 7.90, 8.11 
(ignited 25 miniutes), 7.50 (powdered just previous to ignition). 
Strong ignition of the powdered mica probably volatilizes some of 
the alkalies in addition to the water. 

I Damour (Ann. d. Mines, IV, x, 208) shows by an experiment similar to 
those given above, that the water lost by heeulandite exposed over H2S04 is 
all regrained in 1* days. 
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(3) The finely powdered mica was divided into two portionis, 
onie of whichl was spread out on an open watch-glass, the other 

Ilaced in a crucible. Both were weighed, put in a desiccator over 
sulphuric acid, and let stand unopened for two montlhs. That in 
the crucible lost 2.76 per cent. of water. That on the watch-glass 
had lost 3.87 Per cent. On standiing 3 or 4 minuites upon the 
scale-pan it gained .53 per cent. of water from the air. Upon ex- 
posure over stulphuric acid in the desiccator 24 hours longer and 
then being quickly weighed, it was found to have lost 3.99 per 
cenit. It was now placed in an air-batih and kept at a temperature 
of 1000 C. for 4 hours. After cooling 15 minutes in the (leniccator, 
it was founid to have gainied in weight about l per cent., indicating 
that the desiccation over sulphuric acid was more complete thani 
that in the air-bath at 1000 C. That in the crucible lost on igni- 
tioni 5.97 per cent. of its weight. 

(4). The powdered mica was placed in a watcl-glass in a desic- 
cator over suilphuric acid. 

After 27 days it had lost 2.28 per cent. 
" 40 " " " 2.36 " 

During weighina, it was enclosed in clasped watch-glasses. It was 
now put in a crvucible anld ignited. 

The dtried mineral lost oni 1st ignition, 5.18 per cenit. 
" i' " 2d " 5.36 " 

" " 3d " 5.47 " 

(5). The following direct determinations of water of crystal- 
lization were made from the mica, dried in a glass tutbe, corked 
while weighing, and then ignited in a crucible. 

Desiccation. Time of Ignition Loss of 
Desiccation. water in 

dried mineral. 

(a) 1000 C. in air-bath. 24 hours. 15 min. 5.38 p. c. 
(l,) ; 4 3 days. 20 min. 5. 4' 

(c) over H.SO 2 weeks. 3 times. 5.60 " 

Mean, 5.32 

This determiniationi is thoug,ht to be too high, including some 
hygroscopic water, since the mica in a tube cannot be perfectly 
desiccated. 

A mean of the three determinations of hygroscopic water ab- 
sorbed over sulphuric acid gives 3.21 per cent., which deducted 
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from the total water, 7.58 per cent., gives for water of cr ystalliza- 
tion, 4.34 per cent. As will be seen below, a similar amount is dle- 
duced fromn Mr. Haines' experiments. 

The followinig experimeints by Mr. Haines have been kinidly 
placed at the (lisposal of the writer. They may be relied uponi as 
h-aving been performed with great care. 

I. The powdered mica is placed in a desiccator over concen- 
trated sulphuric acid. 

(a) Dried 15 days. Loss, 2.69 per cent. 
(b) " 10 " " 2.89 " 

II. Thie undried mica is heated in an air-bath at 1000 C. 

(a) Heated 3 hours. Loss, 3.14 per cent. 
(1)) " 3.33 " 
(c.) " 3.42 "4 

(d) " 51 44 " 3.69 ' 

Weights. Per cent. of loss. 

III. Weight before heating. 1.0880 
Heatecl at 100 , 11 hours. 1.0613 2.46 

"t 4" 42 " 1.0598 2.59 
Over H2S04 and heated 5 houirs 

at 1000. 1. 0558 2.96 
Heated 2 hours at 1000 anid 

cooled over H,SO>. 1.0613 2.46 

Weight. Total Loss from Inere p.c. of p.c. ot 
loss. 1000 C. ment total loss fr. 

of loss. loss. 100?( 
IV. Weight before heating. .9035 

Heated at 1000 C.for 1 hr. .8743 .0292 3.23 
; 100? " 2 " .8730 .0305 3 37 

105 " 2k" .8715 .0320 .0015 .0015 3.54 0.15. 
"4 1190 " 1 " .8705 .0330 .0025 .0010 3.65 0.28 

fallredheat5min ..8350 .0685 .0380 .0355 7.58 4.34 
' over blast lamp 

lst timiie. .8 20 .0 765 .0460 .0080 8.46 5.27 
over blast lamp 

2d time. .8280 .07 55 .0450 8.35 5.15 
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Weight. Total Loss from Inere- p.c. of p.c. of 
loss. 100? C. ment total loss fr. 

ofloss. loss. 1000C 
V. Weight of undried mica .8052 

" at 1000 C. .7827 .0225 2.79 
" at 1250 C. cooled 

for 3 minutes. .7757 .0295 .0070 .0070 3.66 0.89 
" at 150? cooled for 

3 mninutes. .7682 .0370 .0145 .0075 4.59 1.85 
" at 1700-175? cool- 

ed for 4 min. .7682 .0370 .0145 4.59 1.85 
" 1900 cooled for 3 

miniites. .7647 .0405 .0180 .0035 5.03 2.30 

VI. Weight of undried mica. .9855 
" at IOOC, heated 

sevelal hours. .9615 .0240 2.43 
Below faint red heat. .9445 .0410 .0170 .0170 4.16 1.77 
Heated to pale red at 

bottom of crucible. .9320 .0535 .0295 .0125 5.32 3.07 
Heated to bright red at 

bottom of crucible. .9210 .0645 .0405 .0110 6.54 4.21 
Heated to full red on 

whole crucible. .9148 .0707 .0467 .0062 7.17 4.85 

VII. Total water. 
(a) Loss of weight at red heat, 7.30 per cent. 
(b) " " on ignition, 7.50 

(c) " " " 3 times, 7.86 

From the above experimenits of Mr. Haines in connection with 
Nos. (1), (2) and (3) under "' hygroscopic properties," we may- 
deduce the followingr percentages: 

For total water, we have (IV), 7.58 p. c.; (VI), 7.17; (VII, a, 
b, c), 7.30, 7.50, 7.86. 

Mean total water, 7.48 per cent. 

For hygroscopic water, driven off at 1000, we have 
Exp. (1) Exp. (1) Exp. (2) Exp. (3) 

Analysis I. Analysis If. Heated 1I4 hrs. Reheated 3 hrs. 3 hrs. 3 brs. 
3.12 3.43 3.21 3.57 2.79 3.09 

Exp. IL a Exp. Ilb Exp. Iec Exp. II d Exp. III. Exp. IV. Exp. V. Exp. VI. 
3 hrs. 5 hlrs. 5 hrs. 2 hrs. several hrs. 
3.14 3.33 3.42 3.69. 2.96 3.37 2.79 2.43 
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A mean of these 14 determinations gives for lhygroscopic water 
3.17 per cent. 

Subtractinog this from the mean total water, 7.48 per cent., we 
have for water of crystallization 4.31 per cent., an amount closely 
agreeing with that deduced from the writer's experimenits. The 
(lesiccatioli over sulphuric acid in Exp. I is for too short a time to 
completely extract the hygroscopic water. 

The exact state of the water cannot yet be regarded as certainly 
established. There is rio reason why a fixed temperature of 100? 
C. should divide the hygroscopic water from the water of crystal- 
lization. The above experiments show that the loss of water as 
the temperature is raised above that point is a very gradual one. 
It is difflcult to see in what manner the water driven off at 190? 
in experiment V, differs from that driven off at 1000. It will be 
seen hereafter that much of the water can be driven off without 
exfoliatioln. Again, there is no sufflcient reason why some of the 
water absorbed by stulplhuric acid in the desiccator may not be 
water of crystallization. It has been long knowin that sulphate of 
copper either at 1000 C. or in a desiccator over sulphuric acid 
loses much of its water of crystallization. M. Daimour has shown 
that chabazite loses nearly half of its water in a desiccator. It 
seems probable that Philadelphite, withi other vermiculites, holds 
its water in a similar manner. From the experiments here de- 
tailed it would seem that we may define water of constitution to 
be the more closely combined, and hygroscopic water the less 
closely combinied water of crystallization ; and the distinction 
between the three states of water theni becomes a theoretical rather 
than a practical one. 

Temperature of Exfoliation.-The temperature at which exfo- 
liatioln occurs is from 1500 to 1600 C. It has been founid that the 
exfoliation temperature is proportionial directly to the original 
volume of the substance, ancd inversely to the rapidity of the ap- 

plication of heat. The larger the piece experimented uponi, the 
Iiigher the temperature necessary to make it exfoliate, and the 
m-ore rapidly the heat cani be applied, the sooner will it exfoliate; 
as the following experiments will show. 

(a) Very small fragmenlts heated on a watch-glass in an air-bath 
began to exfoliate at 1500 C. 

(b) A large piece heated similarly did not exfoliate at 2100 C. 
(c) A piece was immersed in melted paraffilne. At 1000 C. 
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bubbles went off stowly, but there was no exfoliation. The tem- 
perature being raised, it made the first movement at 1600, exfoli- 
ated vigorously at 1750, and at 1800 rose from its support to the 
surface of the paraffine. 

(d) Another piece similarly immersed gave bubbles brisk-ly at 
1300, and began to exfoliate at 1600. 

(e) Pieces thrown into melted paraffine whose temperature had 
previously been raised to 1600 C., immediately exfoliated and rose 
to the surface. 

(f) A large piece did not exfoliate even after the temperatulre 
had been gradlually raised to 2250 C. 

(g) Immersed in melted sulphur, it immediately exfoliated and 
strongly effervesce(l. 

(h) Immersed in concentrated sulphuric acid which had been 
heated to 1600 C., it immediately exfoliated and became pure 
white, being completely anid immediately decomposed. Immersed 
similarly at a temperature of 1500-C. it exfoliated, but did not 
become immediately white. At a lower temperature no exfoliation 
occurr ed. A similar piece being similarly immersed and the tem- 

perature raised, began to exfoliate at 1300 C., and continued ex- 
foliatino as the temperature rose, though being meanwhile decom- 
l)osed. This sudden change of form and color uipon immersion in 
lhot sulphuric acid recalls a somewhat similar change in the efflor- 
escence of protosulphate of iron wheni immersed in the same acid. 

It is seen from these experiments that no absolute determiniationl 
of the exfoliation temperature is possible. By a very slow heat a 
large proportioni of the water (about 5 per cent.) can be driven off 
and the mica raised to a high heat without any exfoliation of 
consequence. The following experiment illustrates this fact. 

(k) A piece of Philadelphite was cut inito two equal portions. 
One piece, heated suddenly oni platinum foil to a red heat, exfoliatedl 
to ten times its original volume. The other, piece was slowly 
lieated in an air-bath. . At 2850 C. it ha(d exfoliated but very 
slightly. It was then taken out and heated on platinumn foil to a, 
red heat, when it exfoliated very little more, becoming only one- 
foturth the length of the first piece. 

A similar experiment has been macle upoIn lheulandite and(I stilbite 
from niear Philadelphia. Both of these zeolites, as is well known, 
exfoliate largely whlen held in the flame. It has been found that 
if they are heated very slowly on platinum foil, they can be raised 
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to a white heat without exfoliation , and when afterwards held in 
thie flame, exfoliate but slightly. Apparently the water in Phila- 
delphite is combined precisely as in the zeolites 

It appears that it is as difficult to make a distinction between 
water of crystallization and water of constitution as it is to make 
one between the former and hygroscopic water. 

Amount of Exfoliation.-The amount of exfoliation is quite 
constant at ten times the original volume. 

Original thickness. Thickness after exfoliation. 
Inches. Inches. Ratio. 

.015 .13 l mean 1 :10 

.015 .17 J 

.02 .2 1: 10 

.03 .25 

.04 .47 m mean 1 :10.4 

.06 .68) 

These experiments were made by lheating the mica on platinum 
foil over the flame of a Bunseni burner. The heat muist be suddeni 
in order to have a large exfoliationi (v. Exp't. k). Exfoliation 
takes place in one direction only, viz., at right angles to the 
cleavage. No lateral expansion whatever occurs. When the 
tlame is applied to one side of the mica, that side exfoliates the 
most, and cauises the exfoliating mineral to curve in the opposite 
direction. 

Force of Exfoliation.-It has been fouind that the force exer- 
cised during the exfoliation of Philadelphite is enormous. In one 
experimenit a fragment of it while exfoliating lifted more thani 
50,000 times its own weight. The force of exfoliation is governed 
by a law which is the inverse of that controllingf the exfoliation 
temperature. It may be stated thus: The force of exfoliation 
increases directly witlh the rapidity of the expulsion of water, and 
inversely with the volume of the substance. The latter part ot 
the law follows as a necessary consequence of the first part, since 
thie smaller the fragment, the more rapidly and completely can it 
be heated. Various experiments were made, and though per- 
formed in an extremely rough manner, will give an idea of this 
force. To find what amount a given weight of the mica coul(d lift 
wlhen exfoliating, iron pound-weights were placed ul)on the rinig ot' 
a retort stand and connected withi thle fragment of mica placed oni 
a support immediately below tlhemii. A pencil of chalk or gas 
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carbon resting, loosely in a perpendicuLlar position between the 
mnica and the centre of the weights connected them so that any 
expansion of the mica would lift the weights from off the ring 
on which they rested. The blowpipe flame was now directed 
from one side upon the mica. 

D a, retort stand. 

b, ring. + e B It rin 
. - --F ce support. 

d, weight. 
e, pencil of chalk. 

/ A _ = /f, fragment of mica. 

In the following table of experiments, the first coluimn repre- 
netts the weight of the fragment of mica, and the second column, 

the iron weight which was lifted by the exfoliating mica. 

Philadelphite. Weight. 

15 grains lifted 10 lbs. avoirdupois. 
6 " "' [0 lbs. 

5.1 " " 10 lbs. 

2- " " 0 lbs. 
2 " " 5lbs. 

12 " " 2 lbs. 

1 " " 3 lbs. 
2 " " 2lbs. 
1 " " 3 lbs. " readily. 2 

l " " 4 lbs. 

In the last experiment the four-pound weight was lifted up and 
thrown off the ring supporting it; the weight lifted being 56,0( 0 
times the weight of the mica. 

A remarkable motive power is here developed. That it is 
owing solely to the escape of the combined water is shown byr the 
fact that if the weights are so arranged that the mica can only 
slightly expand, and, after heating, are removed, the mica will 
expand nlo more, or very slightly more, upon further application 
of heat, the water having been in great part expelled. If the mica 
is confined under a weight so heavy that it is impossible for it to 
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exfoliate, anid is sud(lenly heated by the flame. it occasiolally 
explodes witlh a loud report, throwing off fragments laterally ifito 
the air. 

It may be stated that the exfoliated mineral wlhen powdered, 
forms a handsome and permanent bronze powder not liable to 
tarniish, anid uisefuil in the arts. 
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